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Available online 30 June 2016AbstractThis paper describes an easy synthesis of zinc oxide (ZnO) nanosheets using triethylamine (TEA) as a complexing agent with
zinc sulphate hexahydrate as a zinc source. The as-formed zinc triethylamine complex was calcined at 600 C for 6 h to get ZnO
nanosheets. The synthesised sample was characterised by X-ray diffraction (XRD), Fourier transform infrared (FT-IR), UVevisible
(UVeVis), energy dispersive X-rays (EDS) spectroscopy, scanning electron microscopy (FESEM) and high resolution trans-
mission electron microscopy (HR-TEM). The antibacterial activity of ZnO nanosheets was evaluated using agar diffusion method.
The results suggest that the synthesised ZnO nanosheets will be a promising candidate in the field of biomedical application.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Nanostructured semiconductormetal oxides generate
great interest due to their unique optical, electro-
chemical and electronic properties [1]. Especially,
research into one-dimensional nanostructured metal
oxides has evoked significant interest in recent years
owing to their fascinating properties from the bulk phase
[2]. Since the properties of metal oxides nanoparticles
are size and shape dependent, synthesis methods having
better control on homogenous size and shape is an
important area of research [3]. Among the various metal
oxide nanoparticles, ZnO nanoparticles are of unique
material that have versatile applications in electronic* Corresponding author.
E-mail address: helenkavitha1971@gmail.com (H.P. Kavitha).
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/devices, light emitters, electrochemical sensors, gas
sensors, personal care products, catalysts, and paints
[4,5]. ZnO is non-toxic and a chemically stable material
under exposure to both high temperature and UV light
[6]. Hence, synthesis of large quantities of ZnO nano-
particles is of great importance. Several approaches like
simple wet chemical method, microwave irradiation
method, solegel synthesis, hydrothermal method,
electrochemical and photochemical method have been
reported by several research groups [7e13]. Among
these methods, the hydrothermal method has gained
great attraction by the researchers due to its low cost, less
time consumption and highly homogenous size and
shape of the product. In this regard, we adopted hydro-
thermal method for the preparation of ZnO nanoparticle.
Interestingly, nanosheets of ZnO were obtained by this
method without using any shape directing agent.n behalf of University of Kerbala. This is an open access article under
4.0/).
Fig. 1. XRD pattern of ZnO nanosheets.
Fig. 2. FT-IR spectrum of ZnO nanosheets.
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nanosheets by hydrothermal method. The as-
synthesised ZnO nanosheets were characterised by
XRD, FT-IR, FESEM, EDS, and HR-TEM analysis.
The antibacterial activity of ZnO nanosheets against
Streptococcus pneumonia (S. pneumonia), Escherichia
coli (E. coli), Pseudomonas aeruginosa (P. aerugi-
nosa) and Bacillus subtilis (B. subtilis) bacteria was
also examined.
2. Experimental
2.1. Materials
Zinc sulphate (ZnSO4 7H2O) and triethylamine
were purchased from Qualigens, (Merck Limited,
Bangalore) and used without further purification.
Doubly distilled (DD) water was used as the solvent.
2.2. Instrumentation
The structure of the sample was analysed by a
PANalytical X'Pert Pro X-ray diffractometer equipped
with Cu Ka1 radiation (l ¼ 1.5406 Å) (Madison, West
Indies). The sample was studied by FT-IR spectroscopy
using a Schimadzu FT-IR 8300 series instrument
(Kyoto, Japan). The UVeVis absorption spectrum of
ZnO nanosheets was obtained on a CARY 5E
UVeViseNIR spectrophotometer (Plainview, New
Yark). The morphology of the sample was analysed by
using a Hitachi-SU6600 FESEM instrument (Belgium)
and JEOL JEM 2100 high resolution transmission
electron microscope (Pleasanton, Canada).
2.3. Procedure
In order to prepare ZnO nanosheets, 2.78 g zinc
sulphate is dissolved in 125 mL of DD water and
heated at 70 C with constant stirring for 3 h. To this
solution, 50 mL of 0.1 M triethylamine solution was
added slowly with constant stirring. The obtained
precipitate was filtered off and dried at room temper-
ature for 24 h. The dried precipitate was calcined at
600 C for 6 h to get ZnO nanosheets.
2.4. Antibacterial activity
The antibacterial activity of ZnO nanosheets was
determined by agar well diffusion method [14]. The
synthesised ZnO nanosheets were tested for antibac-
terial activity against bacteria such as Streptococcus
pneumonia (S. pneumonia), Escherichia coli (E. coli),Pseudomonas aeruginosa (P. aeruginosa) and Bacillus
subtilis (B. subtilis) organisms. The suspension of
bacteria was grown in nutrient broth medium. Test
organisms were dispersed over the surface of agar
plates. About 120 mg/mL of ZnO nanosheet dispersion
is gently pushed over the nutrient agar plate inoculated
with bacterial cells for intimate contact with the sam-
ple. The plates were incubated at 37 C for 18e24 h.
The antibacterial activity of ZnO nanosheet was
demonstrated by the diameter of the zone of inhibition
developed around the sample. The zone of inhibition
and minimum inhibitory concentration (MIC) were
measured by subtracting the well diameter from the
total inhibition zone diameter. A zone of inhibition is
Fig. 3. UVeVis spectrum of ZnO nanosheets.
Fig. 4. FESEM images at (a) higher, (b) lower a
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the bacteriostatic effect of the test compound and it
measures the inhibitory effect of the compound to-
wards a particular microorganism.
3. Results and discussion
3.1. XRD analysis
The crystal structure and purity of ZnO nanosheets
were determined by XRD (Fig. 1). The diffraction
peaks are well consistent with the hexagonal phase of
ZnO (JCPDS data card 89-0510) [15]. The observed
lattice planes of (100), (002), (101), (102), (110),
(103), (112) and (201) corresponds to the 2q value of
22.2, 23.7, 24.8, 31.3, 34.0, 35.6, 47.0 and 56.2
respectively. The broadening of all the diffraction
peaks indicates that the crystallites are in nanoscale
range. The average crystalline size of ZnO nanosheets
was determined by employing DebyeeScherrer'snd (c) EDS spectrum of ZnO nanosheets.
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crystallite size, l is the wavelength, b is the Full width
at half maximum of the intense peak (2q ¼ 35.7) and
q is the diffraction angle. The estimated average
crystallites size of ZnO nanosheets is found to be
82 nm.
3.2. FT-IR analysis
FT-IR spectrum was recorded to determine the
functional group in the synthesised ZnO nanosheet.
Fig. 2 shows a broad band at 3396 cm1 which is related
to the OeH stretching vibration of water molecule. A
band at 1619 cm1 is due to the presence of interstitial
water molecule in the sample [17]. A band at 1119 cm1
is attributed to CeC stretching over tone band [18]. It is
well known that the peak at 606 cm1 is distinctive for
ZneO stretching vibrations [19].Fig. 5. HR-TEM images of ZnO w3.3. UVeVis analysis
Fig. 3 shows the UVeVisible absorption spectrum of
ZnO nanosheet. In general, bulk ZnO has band gap value
of 3.37 eV [20]. The spectrum shows a typical band at
418 nm that is blue shifted with respect to the bulk ZnO
absorption edge. This blue shift in the absorption
maximum clearly reveals the quantum confinement
property of nanoparticles [21]. In the quantum confine-
ment range, the band gap of the particles increases
resulting in the shift of absorption edge to lower wave-
length. The observed absorption band is due to the tran-
sition from the valence band to the conduction band and
agrees with the reported literature for ZnO nanosheet
[22]. The optical band gap energy (Eg) of ZnOnanosheets
was calculated by using the following relation:
Eg ¼ hc
l
eVith different magnification.
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Planck's constant, c is the light velocity and l is the
wavelength (nm). The calculated band gap was found to
be 2.97 nm [23].
3.4. Morphological analysis
FESEM and HR-TEM images were used to study
the morphology and size of the synthesised ZnO
powder. Fig. 4a and b shows aggregated sheet-like ZnO
particles of length 80e180 nm (RSD ¼ 2.1%). The
average thickness is found to be in the range of
75e80 nm (RSD ¼ 2.4%). The chemical composition
of ZnO nanosheet was investigated by energy disper-
sive X-ray spectroscopy (EDS) and spectrum is shown
in Fig. 4c. It shows that the ZnO nanosheets are
composed of Zn and O only. The atomic ratio of Zn
and O was close to 1:1 ratio which is in agreement with
the stoichiometric properties of ZnO. To further
confirm the morphology of ZnO, HR-TEM analysis
was carried out. Fig. 5aed shows the HR-TEM images
of ZnO nanosheets which is well consistent with
FESEM results. The HR-TEM analysis also shows that
the thickness of the nanosheets is in the range of
50e90 nm. Nanosheets of metal oxide powder has a
potential in biomedical field and catalysis [24].
A schematic diagram of the formation of ZnO
nanosheets is shown in Scheme 1. During the addition
of triethylamine (TEA) to Zn2þ ions, Zn-TEA complexScheme 1. Proposed formation mechanism of ZnO nanosheets. Step e I: Fo
ledge site, Step e III: Formation of ZnO nanosheets.nuclei will be immediately formed (step e I). The Zn-
TEA nuclei undergo aggregation and form small par-
ticles (step e II). Since the addition of TEA is very
slow, Zn2þ ions may adsorb on the ledge site of Zn-
TEA particles followed by TEA adsorption and the
growth of Zn-TEA particles was found to be in a linear
fashion [25]. When the Zn-TEA particles were
calcined at 600 C for 6 h, these Zn-TEA particles
were converted into ZnO nanosheets (step - III). It
suggests that the thermodynamics related surface
diffusion contributes to the growth of ZnO nanosheets.
This is in accordance with the observed FESEM and
HR-TEM results.
3.5. Antibacterial activity
The zone of inhibition of ZnO nanosheets against
the bacteria such as against S. aureus, E. coli, P. aer-
uginosa and B. subtilis is shown in Fig. 6 and the
values are given in Table 1. From the Table 1, the
diameter of zone of inhibition of ZnO nanosheets
against S. aureus, E. coli, P. aeruginosa and B. subtilis
is found to be 23 mm, 25 mm, 19 mm, and 24 mm
respectively (in standard medium). The zone of inhi-
bition of ZnO nanosheet against selected pathogens is
much lesser in ethanol. The results suggest that the
ZnO nanosheet exhibits significant growth inhibitory
effect against S. aureus, E. coli, and B. subtilis. The
results of the present study are more or less similar tormation of Zn-TEA nuclei, Step e II: growth of Zn-TEA nuclei along
Fig. 6. Antibacterial activity of ZnO nanosheet against pathogenic
bacteria.
Table 1
Antibacterial activity of ZnO nanosheets.
Tested organisms Zone of inhibition (diameter in mm)
Concentration: 120 mg/mL
Standard Ethanol Methanol Chloroform
Streptococcus pneumonia 23 5 12 11
Escherichia coil 25 7 14 16
Pseudomonas aeruginose 19 6 8 11
Bacillus subtills 24 5 7 12
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observed good antibacterial activity is attributed to (a)
large surface area of ZnO nanosheet as evidenced by
TEM analysis and (b) light absorption behaviour of
ZnO nanosheets. The possible mechanism for the
antibacterial activity of ZnO nanosheet is as follows:
Initially, ZnO nanosheets will accumulate or deposit on
the surface of bacterial cells due to its nanometer scale
and sheet-like morphology. At the experimental con-
dition, ZnO nanosheets will generate reactive oxygen
species that actively inhibits the growth of bacterial
cells [29]. The results of this study may be applicable
to medical devices that are coated with nanosheets
against microbes like fungi and bacteria.
4. Conclusion
A simple hydrothermal method has been reported to
prepare ZnO nanosheets. Triethylamine is responsiblefor formation of ZnO nanosheet. XRD results confirmed
the formation of hexagonal phase ZnO powder with an
average crystallite size of 82 nm. FT-IR analysis
confirmed that ZneO stretching vibration occurs at
606 cm1. UVeVis spectrum showed a peak at 418 nm
which is the characteristic peak of ZnO nanoparticles.
Here, we demonstrated the antibacterial activities of
ZnO nanosheet against pathogenic bacteria. In conclu-
sion, this study showed that ZnO nanosheet has potent
antibacterial activities against selected bacteria.
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